anCer patients are at significantly increased risk for the development of venous thromboembolism (VTE), including deep venous thrombosis (DVT) and pulmonary embolism (PE).
and places patients with spinal metastases at particularly high risk. Despite the fact that these patients are among the most vulnerable to the development of VTE, the preoperative baseline VTE risk, underlying risk factors for VTE, and the guidelines for prevention and prophylaxis are not well defined in this population. 8, 38 To this end, we analyzed our institutional series to estimate the incidence of and risk factors for preoperative DVT among cancer patients with spinal metastases who underwent spinal surgery at our institution. As a secondary goal, we examined the impact of a routine preoperative DVT screening protocol on the development of postoperative VTE.
Methods

Patient Selection
The surgical database of the Department of Neurosurgery at Memorial Sloan Kettering Cancer Center was used to retrospectively identify a consecutive series of patients who underwent spinal surgery at that institution between January 2012 and December 2014. Only those patients with histologically confirmed metastatic spinal disease were included in the study. No patient was excluded on the basis of prior history of DVT or PE. A total of 314 consecutive patients were identified who fulfilled these criteria. The study was approved by the institutional review board of Memorial Sloan Kettering Cancer Center.
Standard VTE Protocol
Preoperative ultrasonographic screening for DVT was routinely performed during the study period. Patients in which this screening was positive typically underwent preoperative placement of an inferior vena cava (IVC) filter, which was performed with the intention of mitigating postoperative PE risk. In addition to IVC filter placement a concerted effort was made to initiate mechanical (in patients without DVT) and/or pharmacological prophylaxis on postoperative Day 1 in all patients. Routine postoperative VTE screening was not performed in this population. We did, however, maintain a low threshold for screening in the event of symptoms suggestive of a DVT and/or PE.
Study Variables
A retrospective chart review of medical/surgical oncology, pathology, and radiology records was performed. Demographic data were collected on age and body mass index (BMI) at surgery, sex, and ethnicity. Data on relevant medical comorbidities were recorded for factors known to be associated with VTE risk, including ambulatory status, selected laboratory test results, tobacco history, diabetes mellitus, and hypertension. Ambulatory status was abstracted from the most recent medical records within 30 days prior to surgery, and was based on neurological examination accounts of gait, ambulatory status, or descriptions of activities of daily living. The criterion for ambulatory status was defined as any amount of walking preoperatively. Previous history of VTE was obtained from medical records and categorized into recent history of DVT (< 6 months), distant history of DVT (> 6 months), and any history of PE. Tumor characteristics were collected, including histopathological classification and spinal level. Preoperative clinical data regarding DVT screening, including Doppler ultrasound results, symptomatology, and IVC filter placement, were collected. Surgical data were recorded, including estimated blood loss, type of spinal surgery, emergency status, number of vertebral segments operated on, and duration of surgery. Postoperative data were recorded on DVT diagnosis, PE diagnosis, length of stay, disposition at discharge, vital status, date of death, and date of last follow-up. The primary endpoint evaluated was preoperative DVT diagnosis from Doppler ultrasound screening.
Statistical Analysis
Descriptive statistics (medians, means, standard deviations, frequencies, and ranges) were used to characterize the cohort. Categorical variables were compared in those with and without DVT using the chi-square test and the Fisher exact test where appropriate. Similarly, continuous variables were compared using the Student t-test and the Wilcoxon rank-sum test where appropriate. Factors significantly associated with DVT on univariate analysis were entered into a multivariate logistic regression model. All p values were 2-sided, with values < 0.05 considered statistically significant. All statistical analyses were performed in SAS (version 9.4, SAS Institute Inc.).
Results
Patient Demographics
We identified 314 consecutive patients undergoing surgery for spinal metastasis at our institution from January 2012 through December 2014. The median age for the overall study population was 60 years (range 16-92 years; Table 1 ). The majority of patients (89%) underwent posterolateral decompression with posterior instrumented fusion while the remaining underwent percutaneous instrumented stabilization (8%) or resection without fixation (3%). The median duration of surgery was 163 minutes and the median length of hospital stay for the procedure was 7 days (interquartile range [IQR] 5-11 days). Preoperatively, 40 patients (12.7%) had a history of recent or distant DVT or PE, and 4 patients (1.3%) had a history of both DVT and PE. At the time of admission, 52 patients (16.6%) were nonambulatory. All patients in this study underwent standard VTE prophylaxis postoperatively including Venodyne boots (Ecolab) and 30 mg enoxaparin twice daily.
Comparison of Screened Versus Unscreened Population
As compared with the unscreened group, screened patients were older (mean age 60 vs 53 years, p = 0.0008) with lower hemoglobin levels (mean 11.3 vs 11.9 g/dl, p = 0.02) and a higher white blood cell count (9.3 vs 7.4 × 10 and there was some suggestion of a selection bias (noted above), we performed a rough sensitivity analysis to provide a range for the preoperative DVT incidence in this population. If all patients who did not undergo screening truly did not have a DVT, the preoperative incidence would be 7% (22/314). On the other hand, if all patients in the unscreened cohort did have a preoperative DVT the incidence would be 33.12% (104/314). One can surmise that the true incidence of preoperative DVT in this population was between 7% and 33.12%.
Preoperative Management of DVT
Preoperative screening for DVT was performed in 232 patients (73.9%). Of those screened, DVT was identified in 22 patients (9.48%). Among the 58 patients who were symptomatic preoperatively, 48 (82.75%) were screened. Of these, DVT was identified in 5 patients (10.42%). The median time from preoperative ultrasonographic screen- 
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ing to surgery was 2 days (IQR 1-5 days). Factors statistically associated with positive DVT screening included nonambulatory status, previous history of DVT or PE, lower partial thromboplastin time (PTT), and lower hemoglobin level (Table 3) . Histology was not associated with an increased incidence of VTE. Additionally, multivariate analysis revealed that these factors were all independently associated with positive DVT screening ( Table 4 ). While only 6.4% of ambulatory patients had positive screening results, 24.4% of nonambulatory patients had positive results, yielding an odds ratio of 4.73 (95% CI 1.88-11.90). Forty-one patients (33 screened and 8 unscreened) underwent placement of IVC filters prior to surgery. Thirty-three of these patients had newly diagnosed DVT on screening ultrasound. The remaining 8 had a known history of DVT/ PE, with 3 patients having had IVC filters already in place prior to presurgical evaluation and the remaining 5 patients having had IVC filters placed as part of preoperative preparation. Complications from IVC filter placement occurred in 1 patient. In this patient, CT imaging revealed a clot below and at the tip of the filter 3 weeks after infrarenal IVC filter placement. Patients with current and former tobacco use accounted for 64% of those who had positive results on preoperative screening for DVT.
Postoperative DVT/PE
Within the 30-day postoperative period, there were 5 patient deaths and DVT was identified in 13 patients (4.1%). Nine of these 13 patients had undergone preoperative ultrasonographic screening with negative results. Two of these patients had a distant history (> 6 months prior to surgery) of DVT. Of the 13 patients who developed postoperative DVT, 12 were ambulatory preoperatively.
Additionally, 4 patients (1.3%) developed postoperative PE. Each of these 4 patients underwent preoperative ultrasonographic screening, and all were ambulatory pre-and postoperatively. Of these 4 patients, 2 had an IVC filter in place prior to surgery due to either a distant history of PE (n = 1) or a positive preoperative screening for DVT (n = 1). One patient developed PE in the setting of a newly diagnosed lung abscess. The remaining 3 patients presented with dyspnea, mild hypoxia, and/or tachycardia. All PEs were treated with either IVC placement and/or anticoagulation therapy.
Discussion
Incidence of DVT
We present the first clinical study reporting the incidence and risk factors of preoperative DVT in the highrisk group of patients diagnosed with spinal metastases. 
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Among patients in this population who underwent Doppler ultrasound screening, we identified the incidence of preoperative DVT to be 9.48%. As not all patients underwent preoperative screening and there was some suggestion of a selection bias, we performed a rough sensitivity analysis, which provided a range for the preoperative DVT incidence in this population of 7%-33.12%. VTE is a common and morbid perioperative complication. Overall, in the general population, 48 of 100,000 patients develop DVT and 69 of 100,000 patients develop PE yearly. 40 Among patients undergoing spine surgery, several studies have reported rates of VTE ranging from 1.5% to 25%. 19, 44, 48 This large variation may be attributed to the breadth of spine procedures involved, ranging from short elective cases to extensive fusions in the setting of trauma or cancer. In spinal deformity surgery, rates of postoperative VTE complications have been reported to be as low as 0.2% for DVT and PE. 36 A study of patients with acute traumatic cervical spinal cord injury reported a DVT rate of 10.4%. 29 Reported rates of VTE for patients undergoing other types of oncological surgeries range from 0.87% to 2.83%.
2 In this context, the fact that our preoperative DVT incidence of 9.48% falls within a similar range as postoperative DVT risk in the literature appears to suggest that even prior to surgery, patients with metastatic spine disease suffer higher rates of VTE due to underlying malignancy. This may be explained in part by the advanced nature of systemic disease in patients with metastatic epidural spinal disease. Cancer patients are often deconditioned, neurologically impaired, and have chronic pain, which limits their ability to ambulate, thereby increasing their risk for thromboembolic complications. However, our postoperative DVT and PE rates (4.1% and 1.3%, respectively), fall in the middle or low end of the reported range of VTE risk and are therefore lower than one might expect given the preoperative rates. This discrepancy could be related to the fact that our screening may identify some DVTs prior to surgery that may otherwise eventually have been diagnosed as postoperative DVT. Furthermore, postoperative Doppler ultrasound screening was not performed for all patients. Therefore, the small sample size and the prophylactic measures used to prevent VTE may have effectively underestimated and/ or limited the risk of postoperative DVT observed in this study.
In patients undergoing surgery for spinal metastasis, we have identified ambulatory status as a significant risk factor for a positive finding on preoperative DVT screening. 44 Given the findings of our study, there is a possibility that a proportion of the DVTs identified in these studies may actually have occurred prior to surgery. Furthermore, the significance of ambulation as a risk for DVT is underscored by the fact that even in acutely ill nonsurgical patients, nonambulatory status has been identified as a crucial risk factor for DVT (19.7% vs 10.7%).
3
Relative to craniotomy, spine interventions have typically been thought to entail a lower risk of DVT (7.7% vs 1.5%, respectively).
19 Given this assumption, routine DVT screening has not been recommended in the spine surgery population and, therefore, the literature lacks data on baseline VTE risk for these patients. Further confounding this lack of data is the fact that patients with metastatic spine cancer represent an exquisitely high-risk group who harbor a myriad of baseline factors rendering them hypercoagulable and susceptible to VTE formation. Our study provides useful information on the risk factors in this population, primarily identifying the foremost risk factor as preoperative ambulatory status. Nonambulatory patients not only suffer increased risk for postoperative DVT, but also increased rates of preoperative DVT. Whether patients truly benefit from or require prophylactic IVC filter placement or other interventions for these preoperative DVTs prior to surgery remains to be determined and cannot be accurately assessed by our retrospective analysis.
In addition, a previous history of DVT or PE was strongly associated with screening positive for a preoperative DVT. Unsurprisingly, this indicates that a history of prior DVT or PE is a significant risk factor for screening positive for preoperative DVT. This finding is consistent with widely accepted knowledge of prior DVT as a risk factor for recurrence 4 in the postoperative setting after spine surgery. 10, 38 Furthermore, significant differences in PTT (26.9 vs 28.8 seconds, p = 0.02) and hemoglobin level (10.2 vs 11.5 g/dl, p = 0.0027) were identified between those who had positive versus negative results on preoperative screening for DVT. Since the PTT values for those with positive or negative results fall within normal limits and are only minimally different, PTT was not considered an important indicator of risk for DVT. Similarly, the difference in hemoglobin level between patients who had positive versus negative results on preoperative screening was small and also not considered an important risk factor for DVT. Hemoglobin level was incorporated into a risk scoring model developed by Khorana et al. to predict thrombosis in ambulatory cancer patients, however this model has not been independently validated.
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Ultrasonographic Screening
Routine preoperative Doppler ultrasound screening was implemented for nearly all patients at our institution who underwent spinal surgery related to a known spine metastasis. Preoperative screening for DVT attempts to mitigate the occurrence of catastrophic VTE, mainly PE, in the postsurgical setting. Screening based on clinical symptoms often underestimates the true prevalence of VTE.
31 Thus imaging-based screening could be beneficial for the high-risk spine oncology patient population.
The finding that a high percentage (9.48%) of patients with metastatic spinal disease suffer preoperative DVT suggests that this population may benefit from routine ultrasound screening. There is currently no consensus on the utility of such a strategy. In the settings of orthopedic and spinal reconstructive surgery, symptomatic PEs arise in both screened and unscreened populations at approximately equal rates. 37, 41 Similarly, PEs arose at nearly similar rates in screened and unscreened trauma victims. 7, 12 However, in a study of a large trauma population where aggressive routine DVT screening and prophylaxis were instituted, clinicians were able to achieve low rates of PE (0.7%) compared with reported data.
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In our study, 4 PEs occurred in the screened population (4/234, 1.7%) and none in the unscreened population (0/80, 0%), suggesting that screening was not successful in preventing VTE. The rates of PE after surgery vary by surgery type, ranging from 0.4% for gastric surgery to 2.2% for spinal surgery. 2, 15, 46 The overall rate of PE in our population was 1.3%, lower than comparative historically reported rates. Therefore, our data are ambiguous with regard to the efficacy of DVT screening, and future studies will need to prospectively test the true benefits of preoperative screening.
The efficacy of a routine preoperative DVT screening strategy relies on the success of IVC filter placement. Of the 22 patients who were diagnosed with a preoperative DVT and had a successful IVC filter placement, only 1 went on to develop PE (4.5%). It has been reported that among patients with a calf DVT, 10% will go on to develop a symptomatic PE. 30 The reduced rate of 4.5% DVT progression to PE in our study suggests that placement of an IVC filter may be an effective prophylactic measure, but this study was not powered to validate this conclusion in our patient population. The efficacy of IVC filter placement varies by setting. In a population-based study looking at all hospital discharges, IVC filter placement did not reduce readmissions for PE. 47 However, among highrisk patients, such as patients with proximal DVT, 16 severe trauma patients with DVT, 34 and patients with DVT undergoing spinal surgery, 14, 27 IVC filter placement is consistently associated with reduced rates of PE. Thus, for highrisk patients, IVC filter placement may offer an effective prophylactic measure.
Of the 4 patients who developed postoperative PE, 3 had negative results on preoperative screening for DVT. The absence of DVT in patients who went on to develop PE possibly occurred because 1) a DVT developed after preoperative screening, 2) the sensitivity of Doppler ultrasound was insufficient for detection of occult DVTs, 23 and/or 3) the thrombosis developed outside of the femoral/ popliteal system. Regardless, the fact that 3 of 4 patients who developed PE had negative screening results and the fourth patient, who had positive results on screening, developed a PE despite prophylactic IVC filter placement indicates that preoperative screening cannot always prevent VTE. Furthermore, a recent study examining the utility of lower-extremity ultrasound screening for DVT in trauma patients found that increased screening was associated with higher rates of DVT but not with higher rates of PE.
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The authors concluded that aggressive screening protocols in trauma patients may detect clinically insignificant DVT that does not require intervention. While we have a low threshold to perform VTE screening postoperatively, it is not routinely performed in all patients. Accordingly, we did not pursue a thorough evaluation of postoperative VTE incidence, and the postoperative VTE rate of 4.1% is likely an underestimation of the true incidence. Given this limitation, we did not feel that a statistical analysis of variables associated with postoperative VTE was appropriate.
Whether screening is an effective strategy for prevention of catastrophic VTE in spine surgery patients with spinal metastases will require further study. Although routine screening is low cost and low risk, the cost-effectiveness of such a strategy varies by hospital and patient setting. 20, 22, 43 Perhaps targeted screening of populations at very high risk, such as nonambulatory patients, could reduce screening while focusing on those patients most likely to benefit.
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Study Limitations
Prior to the start of the study period, preoperative ultrasonographic screening for DVT became the intended standard of care within our practice. While ultrasonographic screening was attempted for nearly all patients, only 232 of a total of 314 patients were screened during the analysis period. We felt it important to include the consecutive cohort of patients, including the unscreened group, to provide as representative an estimate of VTE risk as possible. Although selection for screening was not felt to inherently represent intentional or systematic bias (i.e., those who were not screened were not chosen, but rather did not undergo screening due to logistic issues), the older age of the screened versus unscreened patients suggests that there may have been a nonsystematic selection bias. Given the equivalence of other baseline characteristics between the screened and unscreened groups (see Table 2 ), we do not believe that selection bias substantively affects the findings of this series. Furthermore, it is possible that some unscreened patients presented more urgently with less time available for comprehensive preoperative management than their screened counterparts. However, it may also be possible that screened patients had other comorbidities or risk factors that skewed clinicians to obtain an ultrasonographic screening examination. If such a systematic bias exists, it is possible that we have self-selected a higher-risk cohort that was screened preoperatively for DVT, resulting in an effectively higher than true incidence of VTE. One must, therefore, exercise caution when extrapolating from our VTE rates for a given population. We are also limited in our ability to accurately compare our rates of DVT to other rates reported in the literature due to the varied screening procedures used by different groups, such as tracking D-dimer levels, frequent ultrasonographic screening, or no screening at all. Lastly, we did not explore additional hypercoagulable states that may contribute to VTE risk, such as factor V Leiden and prothrombin G20210A as these are relatively rare (present in approximately 1%-7% of the population) and not routinely documented or screened for in the medical record.
Due to the retrospective nature of this study, the collected data were limited to those recorded in the electronic health record. Because of the importance to this study's conclusion, it should be noted that data collected on patients' preoperative ambulatory status was limited to any assessment of walking ability. Furthermore, we did not abstract data on improvement in postoperative functional or ambulatory status. The sensitivity of Doppler ultrasound screening is high (92%-95%) in symptomatic patients, 45 however its sensitivity is far lower in asymptomatic patients. 23 Since our patients were largely asymptomatic, our study might be limited by the low sensitivity of Doppler ultrasound screening for this population.
Conclusions
We present the first clinical investigation evaluating the incidence of preoperative VTE in patients with spinal metastases to our knowledge. After analyzing a consecutive series of 314 patients who underwent spinal surgery for management of metastatic disease, we identified a 9.48% incidence of preoperative DVT. Nonambulatory patients suffered a 4-fold increased rate of positive results of screening for preoperative DVT as compared with ambulatory patients. As such, our data confirms that the patients undergoing surgery for spinal metastases are at high risk for VTE. Given this, we believe that the use of targeted preoperative ultrasonographic screening of patients should continue to be assessed to determine whether it can decrease postoperative morbidity and mortality from VTE in this population.
